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Abstract
Hereditary spastic paraplegia (HSP) includes a number of inherited disorders which are characterized by stiffness in the lower
extremities and progressive gait disturbance. Mutations in terms of spastic gait genes (SPGs) are responsible for occurrence of
different types of HPS with autosomal recessive, X-linked recessive, and autosomal dominant modes of inheritance. In the
current case report, we identified a mutation in SPG11 gene in a female patient with progressive stiffness of lower extremities and
atrophy of corpus callosum and the “lynx ear” sign in brain MRI. Whole exome sequencing (WES) revealed a homozygote
frameshift deletion variant in SPG11 gene (NM001160227: exon 28: c.4746delT, p.N1583Tfs*23). This variant is a null variant
classified as a pathogenic variant (PVS1) according to ACMG standards and guidelines. The frequency of this variant in 1000G,
ExAC, and Iranome databases was 0. This study shows the role of WES in the identification of disease-causing mutations in a
disease such as HSP which can be caused by diverse mutations in several genes.
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Introduction

Hereditary spastic paraplegia (HSP) includes a number of
inherited disorders which are characterized by progressive gait
disturbance, stiffness, and contraction in the lower extremities
(Fink 2003). Other associated signs are brisk reflexes, exten-
sor plantar reflexes, muscle weakness, and urinary urgency
(Depienne et al. 2007). Being classified as an upper motor
neuron disease, it is caused by degeneration of neurons in
the corticospinal tracts (Depienne et al. 2007). Several spastic
gait genes (SPGs) are responsible for occurrence of different
types of HPS with autosomal recessive, X-linked recessive
and autosomal dominant modes of inheritance. However,

molecular studies have indicated clustering of HPS-related
genes in a limited number of cellular processes such as organ-
elles modeling and intracellular membrane trafficking
(Blackstone 2012). Age of disease onset is extremely wide
ranging from infancy to elderly. When disease has been man-
ifested during the teenage years or afterward, the progressive
course of spastic gait may lead to eventual need for mobility
aids. However, when symptoms initiate in the late infancy or
early childhood, functional worsening is not expected (Fink
2003). More than 70 genetic loci have been recognized for
HSP up to now, and the majority of these genes have been
cloned (Giudice et al. 2014). Among the identified genes,
those responsible for mitochondrial metabolism, endosomal
and trans-Golgi transport, and axonal transmission have been
recognized (Crosby and Proukakis 2002). In the current case
report, we explain the clinical features and the identified mu-
tation in an Iranian patient with HSP.

Patient and Methods

The patient was a 23-year Iranian female born to a healthy first-
cousin parent. She had a healthy younger sib. She was referred to
neurology section of Imam Hossein Hospital, Tehran, Iran, for
assessment of lower extremity paresis. No similar case has been
reported in the family member. She reported this symptom from
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4 years before. Shewas bornwith normal vaginal delivery. There
was no remarkable prenatal history. Growth and development
were completely normal. Cranial nerve examination revealed
no abnormal sign. Tonicity of upper extremities was normal.
Lower extremities were spastic. Deep tendon reflexes were nor-
mal except for extensor plantar reflexes. There was no sign of
cognitive deficiency and peripheral neuropathy. No other sign
was detected in complete physical examination. Brain MRI
showed atrophy of corpus callosum (Fig. 1) and the “lynx ear”
sign (Fig. 2).

DNAwas extracted from peripheral blood of patient using
salting-out method. The extracted DNA was sent for whole
exome sequencing (WES). WES identified a homozygote
frameshift deletion variant in SPG11 gene (NM001160227:
exon 28: c.4746delT, p.N1583Tfs*23). This variant is a null
variant classified as a pathogenic variant (PVS1) according to
ACMG standards and guidelines. The frequency of this vari-
ant in 1000G, ExAC, and Iranome databases was 0. Parent
had the mutation in heterozygote state.

Discussion

In the current study, we identified a homozygote mutation in
SPG11 in a patient with spastic paraplegia. SPG11 mutations
have been recognized as a frequent molecular mechanism for
autosomal recessive HSP (Stevanin et al. 2007a). SPG11 gene
is located on 15q21.1 and encodes the spatacsin, a

ubiquitously expressed protein in the nervous system
(Stevanin et al. 2006). SPG11-associated HSP cases are clas-
sically manifested by spasticity, cognitive deficiency, and pe-
ripheral neuropathy (Stevanin et al. 2007a; Siri et al. 2010).
The case presented in the current study had no sign of cogni-
tive deficiency and peripheral neuropathy. However, she had
the characteristic signs of corpus callosum atrophy and
periventricular white matter changes. The association between
HSP and thin corpus callosum has been firstly noted by
Nakamura et al. in their clinical assessment of 2 families with
autosomal recessive HSP (Nakamura et al. 1995). The cases
presented byNakamura et al. hadmild tomoderate intellectual
disability (Nakamura et al. 1995), yet the current case had
normal intelligence. The thin corpus callosum has also been
reported in Italian HSP cases presented by Casali et al. (Casali
et al. 2004). The present case differs from the Italian cohort in
terms of later manifestation of disorder and normal intelli-
gence (Casali et al. 2004). In a cohort of German HSP patients
with genetically confirmed mutations in SPG11, dysarthria
and mental impairment were reported in the majority of pa-
tients (Hehr et al. 2007). Nevertheless, the present case had
normal speech. Although the clinical manifestations of SPG11
mutations might be different, this gene is regarded as the most
commonly accountable gene for autosomal recessive HSP
with thin corpus callosum. However, as Stevanin et al. could
not detect SPG11 mutation in a family with these clinical
features, it seems that at least one other gene responsible for
autosomal recessive HSP with thin corpus callosum remains
to be identified (Stevanin et al. 2007b).

The patient had the “ears of the lynx” sign in her brain
MRI. This sign denotes the unusual T2/FLAIR-taperedFig. 1 Brain MRI showing atrophy of corpus callosum

Fig. 2 Brain MRI of the patient showing ears of the lynx sign
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hyperintensity at the tip of the frontal horn of the lateral ven-
tricles which looks like the clumps of hair on the top of the
ears of a lynx. Pascual et al. have recently shown the close
association between this MRI sign and mutations in SPG11
and SPG15 genes (Pascual et al. 2019). However, this sign is
not limited to HSP, as Pacheco et al. have shown this sign in a
patient with a chronic form of Marchiafava-Bignami disease
(Pacheco et al. 2014).

The present case had a frameshift mutation in exon 28.
Southgate et al. have identified a c.4846C> T (p.Q1616X) non-
sense mutation in exon 28 in a Pakistani family with similar
features of HSP and thin corpus callosum (Southgate et al.
2010). Although few patientswithHSP and thin corpus callosum
have mutations in exons 18–29 (Southgate et al. 2010), this
region of gene encodes the central part of the spatacsin protein
which is predicted to have potential structural significance
(Stevanin et al. 2007b). SPG11 has 40 exons and the identified
mutations have been located in numerous exons with no prefer-
ential mutation hot spot (Paisan-Ruiz et al. 2008). Therefore,
WES is the preferred method for identification of disease-
causing mutations in suspected cases.

It is worth mentioning that in addition to the typical HSP,
SPG11mutations have been associated with a number of neuro-
logical conditions such as juvenile-onset parkinsonism (Paisán-
Ruiz et al. 2010; Anheim et al. 2009) and dystonia (Yoon et al.
2013; Wijemanne et al. 2015). These phenotypes rarely detected
in association with other SPG genes (Giudice et al. 2014). Thus,
assessment of phenotypes associated with each mutation would
help in elaboration of genotype-phenotype correlation and pred-
ication of disease course in future cases. Therefore, the main
finding of this study is the demonstration of a distinct phenotype
associated with a novel mutation in SPG11. The limitation of our
study was lack of in vitro assessment of functional consequences
of this nucleotide change.
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